Abstract. Habitat fragmentation often arises from human-induced alterations to the matrix that reduce or eliminate dispersal between habitat patches. Elimination of dispersal increases local extinction and decreases recolonization. These phenomena were observed in the eastern collared lizard (Crotaphytus collaris collaris), which lives in the mid-continental highland region of the Ozarks (Missouri, USA) on glades: habitats of exposed bedrock that form desert-like habitats imbedded in a woodland matrix. With the onset of woodland fire suppression, glade habitats degenerated and the woodland matrix was altered to create a strong barrier to dispersal. By 1980, lizard populations in the Ozarks were rapidly going extinct. In response to this decline, some glades were restored by clearing and burning. Starting in 1984, collared lizard populations were translocated onto these restored habitats. The translocated populations persisted but did not colonize nearby glades or disperse among one another. In 1994 prescribed woodland fires were initiated, which unleashed much dispersal and colonizing behavior. Dispersal was highly nonrandom by both intrinsic variables (age, gender) and extrinsic variables (overall demography, glade population sizes, glade areas, landscape features), resulting in different classes of lizards being dominant in creating demographic cohesiveness among glades, colonizing new glades on a mountain, and colonizing new mountain systems. A dramatic transition was documented from isolated fragments, to a nonequilibrium colonizing metapopulation, and finally to a stable metapopulation. This transition is characterized by the convergence of rates of extinction and recolonization and a major alteration of dispersal probabilities and pattern in going from the nonequilibrium to stable metapopulation states.
INTRODUCTION
Many organisms live in patchy habitats. The structure of patchy populations can vary dramatically depending upon the amount and pattern of dispersal through the matrix that separates the patches. At one extreme are Moray eels in the Indo-Pacific Ocean that are patchily distributed in reefs, but have pelagic larval durations exceeding 45 days, allowing the larvae to disperse long distances through the deep-water ocean matrix and resulting in species that are panmictic across the 22 000 km of the entire Indo-Pacific Ocean (Reece et al. 2010) . At the other extreme, 24 populations of the land snail Rumina decollata found in a single hectare in France showed extensive population subdivision on a scale of tens of meters despite large population sizes (Selander and Hudson 1976) . Intermediate amounts of dispersal can result in a wide variety of potential population structures. One intermediate structure, the metapopulation (Hanski 1999) , has attracted much attention in both the ecological and conservation literature. Metapopulations have been defined in various ways, but we use the classical definition that dispersal exists between patches, but short of panmixia, and that local populations have a risk of extinction, but also have a nonzero probability of being recolonized (Driscoll 2007) . The amount and pattern of dispersal are the critical determinants of a metapopulation and its dynamics. Dispersal, in turn, depends upon the nature of the matrix that separates the patches (Szacki 1999) and how the organisms respond to that matrix in the context of both intrinsic (e.g., gender, age) and extrinsic (e.g., landscape, matrix attributes, and patch properties) factors.
Much of the conservation relevance of metapopulations has arisen from human-induced alterations to the matrix that reduce or eliminate dispersal, resulting in habitat fragmentation (Hanski and Simberloff 1997, Laurance 2008) . Elimination of dispersal decreases the level of local genetic variation and adaptive flexibility (Templeton et al. 2001) , increases the risk for local extinction, and decreases the probability of recoloniza-tion (Hanski and Ovaskainen 2003, Laurance and Vasconcelos 2009) . In this manner, fragmentation induces an extinction ratchet (Templeton 1982) in which each local extinction brings the total population one step closer to complete extinction (Hanski and Ovaskainen 2003, Higgins 2009 ). Dispersal, or in this case its absence, is the critical determinant of the deleterious impact of habitat fragmentation.
Our study focuses on dispersal and the factors that modulate it in the eastern collared lizard (Crotaphytus collaris collaris; see Plate 1) in the northeastern Ozarks, Missouri, USA, and upon how the resultant pattern and amount of dispersal influences the dynamics of population structure. These lizards live on glades, open areas with exposed bedrock, typically with a south to west exposure on the tops and sides of Ozark ridges and mountains (see Plate 1). Glades form a patchy habitat imbedded in a woodland matrix. Glades have a hotter microclimate than the surrounding woodland and support species that are more typically found in the American Southwest (Nelson and Ladd 1981 , Templeton et al. 2001 . Genetic and mark-recapture studies indicated that glade lizard populations in the 1980s were isolated on a spatial scale of 50 m of woodland separation (Templeton 1996 , Hutchison and Templeton 1999 , Templeton et al. 2001 . However, the genetic studies also indicated that the lizard populations in the northeastern Ozarks had extensive gene flow in the recent past (Hutchison and Templeton 1999, Hutchison 2003) . Prior to European-American settlement, woodland fires were common in the northeastern Ozarks (Guyette and McGinnes 1987 , Batek et al. 1999 , Stambaugh and Guyette 2006 . With settlement, fires initially became more frequent, but then declined in the 20th century. Fire suppression altered the matrix from open woodlands and savanna to a woodland with a dense woody understory (Nigh et al. 1992) . This altered woodland matrix proved to be an effective barrier to dispersal for collared lizards (Templeton et al. 2001 and resulted in highly fragmented isolates. Fragmentation was followed by local extinction without recolonization, with a conservative estimate of 75% extinction of glade populations by 1980 (Templeton 1982) .
A collared lizard translocation program was started in 1982 in conjunction with the Missouri Department of Conservation to counteract local extinction (Templeton 1996) that included the Peck Ranch Conservation Area (Fig. 1) . By 1982, collared lizards were absent from the Peck Ranch and adjoining properties. The initial management plan increased glade area and number by removing woody growth from former glade habitat. Three populations were translocated onto restored glades on Stegall Mountain in the Peck Ranch in 1984 , 1987 , and 1989 (Templeton 1996 , Templeton et al. 2001 . All three populations still existed in 1993; however, the problem of population isolation had not been solved. Although an unoccupied glade existed just 60 meters from the initial translocated glade, it was never colonized between 1984 and 1993. The second glade to receive translocated lizards was just 50 meters from the first glade, but there was no detected movement between them from 1987 to 1993.
Although most use of metapopulation theory in conservation management has focused on patch area and number (Schulte et al. 2009, Nicol and Possingham 2010) , another alternative is management of the matrix (Ross and Pollett 2010) . Because fire historically had been important in shaping Ozark communities, the Missouri Biodiversity Task Force (Nigh et al. 1992 ) prescribed woodland fire management, which began at the Peck Ranch in April of 1994. The initial fire area included two of the translocated glade populations. In 1999, the burn management area was expanded to include all of Stegall Mountain and the third translocated population, as well as several adjacent mountains and the interlaying valleys (Fig. 1) .
We examine the factors that modulate the amount and pattern of dispersal in these lizards and its impact on the dynamics of population structure through monitoring 139 glades on three adjacent mountain systems over the years 1984-2006; a time period in which several major management changes were implemented that greatly affected matrix quality. Templeton et al. (2007) provide a descriptive overview of the response to matrix management in terms of colonization of new glades and a preliminary analysis of dispersal. In this paper, we provide a more comprehensive analysis of dispersal, and show how changes in dispersal rates and patterns induced a dynamic transition from a fragmented population of patchy isolates into a nonequilibrium, expanding metapopulation, and finally into a stable metapopulation with a dynamic balance between local extinction and recolonization. We show that the amount and pattern of dispersal is strongly altered by fire; by the attributes of individuals, populations, glades, and landscape features; and by the transition from a nonequilibrium state into an equilibrium state. These dynamic changes in the amount and pattern of dispersal, in turn, influence several metapopulation attributes, including colonization and extinction probabilities, turnover rate, the degree of synchrony in extinction/ colonization, proximity to sources influencing colonization, times to first and recolonization, and Allee effects; all of which are important in defining the properties of a metapopulation and its conservation implications.
METHODS

Study site
The study site is the Stegall Mountain Natural Area in the Peck Ranch and adjoining properties (Fig. 1) , with a central coordinate for Stegall Mountain being 37.0788 N, 91.9148 W. The Peck Ranch is a 9300-ha (23 000 acre) conservation area owned and managed by the Missouri Department of Conservation (MDC), with adjoining properties owned by MDC, the National Park Service, The Nature Conservancy, and private individuals. After purchase by the MDC in 1945, woodland fires at the Peck Ranch were effectively suppressed. Prescribed woodland fires began in 1994, with Fig. 1 showing the total burn area. An effort was made to burn every burn unit every four years to mimic the preEuropean settlement frequency, although deviations from a four-year cycle occurred due to weather conditions and availability of burn crews. The northern portion of Thorny Mountain (mostly private) was not part of the burn management plan, but a non-prescribed fire burned this area shortly before this study began. After burn management, the translocated lizard populations spread to all of Stegall Mountain, Mule Mountain, and Thorny Mountain (a series of slides depicting the expansion is shown in Appendix B). All three of these mountains have glades based on exposed pre-Cambrian rhyolite bedrock.
Capture and marking protocols
Lizards were located by visual survey from April or May until September or October. Each animal was assigned a unique identifier by toe clipping combined with gender. Details are in the Appendix A. Although this project is still ongoing and includes an additional mountain, the current analysis is limited to the years 1984-2006 and to 139 glades on three mountains.
Estimation of population size
Estimation of population size was limited to adults and yearlings only. Hatchlings were excluded because of their high mortality (Fitch 1956 ) and because few were recaptured as hatchlings. In contrast, adults and yearlings rarely die within a field season (A. Templeton, unpublished data), so death during the field season could be ignored. Four estimators of population size were used, as detailed in Appendix A. The first uses the technique of Chao et al. (1992) , which requires multiple recaptures and allows catchability to vary across individuals and time. When the mark-recapture data are too sparse to sustain the Chao et al. estimator, one of three Bayesian procedures are used depending on the data. The Bayes 1 estimator assumes equal catchability for sparse mark-recapture data. The Bayes 2 estimator is used when animals have been captured, but there are no recaptures over multiple visits, and uses a prior based on estimated sample coverages from other glades from the same year. The final estimator, Bayes 3, is used when only a single visit was made to a glade and some animals were captured, and uses a prior based on our extensive information on the probability of capturing an animal on a single visit.
Estimation and testing of dispersal probabilities and characteristics
An individual was regarded as a disperser if it was captured in a glade other than the glade at which it was previously captured. Every dispersing individual was characterized by age (hatchling, yearling, adult), gender (male, female, and unknown for some hatchlings), glade of origin, and glade of current location. We initially considered several measures for the dispersal distance, but ended up using only the simplest and easiest to calculate: the distance between central waypoints from the glade of origin to the glade of destination. For example, we considered a woodland matrix distance that measures how far apart the glade of origin is to the glade of destination going through woodlands. This measure turned out to be difficult to define because intermediate glades often existed between the origin and destination glade on some paths but not others, and we had no information on how the lizard actually moved. Moreover, in practice, we found no new information or patterns that were revealed with the more complicated distance measures beyond those revealed by the simple center-to-center distance.
To estimate the probability of dispersal, we needed to know the total number of animals for which a dispersal observation is possible; namely, those that were recaptured after having been marked. The number of animals in this class was counted and subdivided by gender and age for every glade and year. Discriminant analysis, logistic regression, and exact tests (nonparametric tests in which the exact probabilities under the null hypothesis of all potential data outcomes can be calculated analytically or approximated to a high degree of accuracy using the software StatXact 8.0 and LogXact 8.0 [Cytel 2007]) as described in Appendix A were used to analyze the impact on dispersal of the following quantitative variables: source glade area, glade population size, glade density, distance to source glades at the time of burning, and distance to source glades from the previous year. Similar analyses were applied to the categorical variables of age, gender, demography, mountain, and within vs. across ridge dispersal. Demography refers to whether the number of glades occupied on a mountain was increasing (colonizing phase) or approximately constant over time (stable phase). The mountain category refers to glades on Stegall vs. Thorny Mountains. Given dispersal, two sample Kolmogorov-Smirnoff exact tests were used to test the null hypothesis that two categories of lizards had the same distribution of dispersal distances. Because of sample size considerations, we examined only the marginal effects of gender and demography within each age class with Kolmogorov-Smirnov two-tailed, twosample tests followed by adjustment for multiple testing (Appendix A: Table A10 ).
Characterization of metapopulations and their dynamics
We estimated and exactly tested for homogeneity the probability of pre-fire initial glade colonization, post-fire initial colonization, and recolonization, as described in Appendix A. To monitor the approach of metapopulation dynamics towards an equilibrium between local extinction and colonization, the probability that an occupied glade is a newly occupied one (first colonization plus recolonization events, called turnover; Nichols et al. 1998) was estimated by dividing the number of glades newly colonized on a given year and mountain divided by the total number of glades occupied that year on that mountain. The probability of a glade being newly extinct was calculated as the number of glades not occupied on a given year and mountain that had been occupied the previous year divided by the number of glades occupied the previous year on that mountain. Asynchrony in time and space of local extinction and colonization events was tested with the exact trend test for cluster-correlated binomial data, as described in Appendix A.
Time until first colonization of a glade was calculated as the year in which colonization first occurred on a glade within a burn unit minus the year in which that burn unit was first subject to burn management. Time was measured relative to burn management initiation because burning was obviously an important precondition for colonization ). Pearson correlations were calculated for time to colonization vs. the size of the glade colonized and vs. the distance of the glade colonized from the nearest source at the time of burning. Source distances were only analyzed for glades on Stegall Mountain because when Thorny Mountain was first burned in 1999, the only source of lizards was on Stegall Mountain. Stegall was already nearly fully occupied by 1999 and runs parallel to Thorny (Fig. 1) . This led to the source distances for Thorny being nearly identical for all glades, making a correlation analysis uninformative. The Pearson correlation was also calculated for glade size with source distance. The exact significance of all correlation coefficients was estimated via 10 000 random permutations under the null hypothesis of no correlation.
The persistence times for all glade populations were calculated and tested for associations with the variables of glade size, average population size, maximum population size, minimum population size, and the distance to the nearest source glade at the time of colonization (that is, the nearest occupied glade the year before the colonization event), as described in Appendix A.
RESULTS
Population size and number of occupied glades
There were 4545 capture and recapture events on 1662 distinct individuals between 1984 and 2006. The initial translocation population sizes were known without error. Size was estimated or known for the study years except 1985, 1986, and 1990 , when there was no monitoring. The population size estimates and their standard deviations, along with the estimation technique used to determine the population size, are given in the Supplement. For all three founder glades, the average population size increased after prescribed landscape fire management by 65% for SM-7, 157% for SM-8, and 75% for SM-9 (Appendix A: Tables A2, A3 , and A4), indicating that glade size and quality tended to expand under burn management ). After burn management commenced, the lizard population on Stegall Mountain grew rapidly in size and in the number of glades occupied between 1994 and 1999 ( Fig. 2) , but stabilized after 2000 (Fig. 2) . Hence, the years 1994-1999 are regarded as the colonizing phase on Stegall Mountain, while the years 2000 onwards are regarded as the stable phase. Fig. 2A shows continued growth throughout the entire study period on Thorny Mountain. Although overall rate of dispersal under fire management of 14.1%. In contrast, 1 animal was observed to disperse before fire management out of 66 animals that could have potentially been observed to disperse, for a pre-fire management rate of 1.5%, which is significantly lower than the fire management rate (Fisher's exact test twotailed P ¼ 0.0014).
We used logistic regression to examine the effects on dispersal probabiity of age, gender, mountain (Stegall vs. Thorny), and ''demography,'' a categorical variable that distinguishes the colonizing vs. stable phases of population size growth. Because there was no stable phase on Thorny Mountain during the study period, we could not perform a logistic regression that included both the demography and mountain variables because of a missing cell problem. Therefore, we performed two analyses; one with gender, age, demography, and all their pairwise interactions (Appendix A: Table A5 ); and one with gender, age, mountain, and all their pairwise interactions (Appendix A: Table A6 ). Demography and the interaction of demography with age had a significant impact upon the dispersal probability (Appendix A: Table A5 ), but the mountain variable had no significant effect or interactions (Appendix A: Table A6 ). To gain more insight into the interactions with age, we performed separate logistic regressions within each age category. We limited these regressions to just the variables of gender and demography because of small sample sizes within some age categories and because of the absence of a mountain effect. In both hatchlings and adults, gender and demography have significant effects on the probability of dispersal, but in yearlings neither factor was significant (Appendix A: Table A7 ). We next tested the null hypothesis that the probability of dispersal was identical within genders and across demography for hatchlings and adults. All tests were significant (two-tailed P values ranged from 0.0046 to 0.0002), save one: Adult females had homogeneous probabilities of dispersing under colonizing (0.096) and stable (0.104) conditions (Fisher's exact test two-tailed P ¼ 0.8594). These results define eight categories of lizards with distinct dispersal probabilities, as shown in Table 1 .
The discriminant analyses on the impact of glade population size, glade size, and glade density on dispersal indicated that the lizards fell into three major patterns: Hatchlings dispersed preferentially from small glades with high densities in both phases; yearlings during the colonizing phase show no preferences; and yearlings in the stable phase and all adults disperse preferentially from small glades with small population sizes (Appendix A: Table A8 ).
Given dispersal, demography and the demographyby-age interaction had a significant impact upon the probabilities of dispersing to a glade on the same ridge vs. a different ridge (Appendix A: Table A9 ). These significant effects define four categories of lizards for this landscape feature: a probability of crossing ridges of ,0.001 for hatchlings in the colonizing phase; 0.480 for hatchlings in the stable phase; 0.233 for yearlings, and 0.060 for adults.
Given dispersal, both gender and demography were significant in how far an adult animal moves, neither gender nor demography were significant in yearlings, and only demography was significant in hatchlings (Appendix A: Table A10 ). In general, adult males disperse longer distances than adult females, and dispersal distances tend to decrease with age. However, hatchings showed a strong interaction with demography such that hatchlings disperse short distances during the colonizing phase and very long distances during the stable phase (Fig. 3) . Table A11 in Appendix A shows the data for calculating colonization and recolonization probabilities. We fail to reject the null hypotheses of homogeneity across mountains for both post-fire initial colonization (two-tailed exact P ¼ 0.72) and post-fire recolonization (two-tailed exact P ¼ 0.13), so we pooled across mountains in all subsequent analyses. Homogeneity was strongly rejected across the three categories of prefire initial colonization, post-fire initial colonization, and post-fire recolonization (two-tailed exact P ¼ 9.56 3 10 À11 ). Given that the post-fire initial colonization frequency is intermediate, we tested for homogeneity between pre-fire and post-fire initial colonization (rejected with two-tailed P ¼ 2.50 3 10 À6 ) and homogeneity between post-fire initial colonization and post-fire recolonization (rejected with two-tailed P ¼ 0.00053). This yielded three distinct colonization probabilities: 0.024 for pre-fire initial colonization, 0.240 for post-fire initial colonization, and 0.500 for post-fire recolonization.
Metapopulation attributes
Because proximity to a source can affect colonization probabilities (Brown and Kodric-Brown 1977) , we calculated the distances between each colonized or recolonized glade to the nearest source (occupied glade) from the year before. Stegall and Thorny Mountains were analyzed separately because they have different geographical configurations of their glades and initial conditions. On Stegall, the average nearest source distance to an initially colonized glade was 275 m, and 129 m to a recolonized glade. This same pattern was replicated on Thorny, where the initial nearest source distance was 642 m at the time of initial colonization, dropping to 202 m at the time of recolonization. These distances are not independent, so to test their significance, we restricted inference to 27 within-glade paired comparisons of the recolonized glades that had both an initial colonization source distance and a recolonized source distance. In all cases, the initial colonization distance was never smaller than the recolonization distance. Using a sign test, we reject that hypothesis of homogeneity of the two distances with a two-tailed probability of 7.6 3 10
À6
, showing that recolonization occurs from closer sources than initial colonization. Fig. 4 shows the turnover and the probability of a glade going extinct over time for Stegall and Thorny Mountains (the one glade on Mule Mountain is included with Stegall). The Pearson correlation between the years after burning to first colonization and the nearest source glade at the time of burning is 0.549 (two-tailed exact P ¼ 4.55 3 10 À6 ; Appendix A: Fig. A4 ). The correlation coefficient of years to first colonization after burn management vs. glade size was À0.216, which is significantly different from zero (two-tailed exact P ¼ 0.0259; Appendix A: Fig. A5 ). In contrast, the correlation between glade size and source distance for each colonized glade is not significantly different from zero (two-tailed exact P ¼ 0.086). There was no significant clustering of either extinction or recolonization events within years or within knolls (peaks on the same ridge, see Appendix A: Figs. A2 and A3) stratified by year (Appendix A: Table A12 ), indicating no significant temporal or spatial synchrony of extinction or recolonization.
Glade population persistence times increased significantly with increasing glade size and glade minimum, average, and maximum population size during a continuous run of survival. Persistence time was not significantly influenced by the distance to the nearest source glade at the time of colonization (potentially different from the nearest source glade at the time of burning used in the Pearson correlation; Appendix A: Table A13 ). Of the three measures of population size, minimum size was less important than average or maximum sizes.
DISCUSSION
With the human suppression of woodland fires, collared lizards, and indeed the entire glade community in the Ozarks, became a nonequilibrium and declining system that was moving towards extinction (Templeton 1982) . With the introduction of prescribed woodland fires, this declining nonequilibrium system was transformed into a growing nonequilibrium system that eventually transitioned into a dynamically stable metapopulation. These demographic transitions were accompanied by transitions in the amount and pattern of dispersal.
Earlier work showed that prescribed woodland fires have a dramatic impact on dispersal in collared lizards in the Ozarks (Templeton et al. 2001 , Brisson et al. 2003 . This study, based on more data, shows that the probability of dispersal increases by an order of magnitude under fire management, from 0.015 to 0.141. There are many potential reasons for the sensitivity of dispersal behavior to the woodland matrix. First, the unburned woodland is a visually restricted environment, which may be inhibiting to the visually oriented collared lizard. Second, the unburned woodland has few patches of sunlight reaching the ground, and is therefore a less optimal thermal environment for an ectothermic, ground-living organism like the collared lizard (Angert et al. 2002) . Third, the main prey items for collared lizards are grasshoppers (Ö stman et al. 2007) , and the abundance of grasshoppers on the woodland floor is 11.5 grasshoppers per person-hour in woodland areas subject to frequent burning, but only 2.5 grasshoppers per person-hour in nearby unburned woodlands (J. Hallemeier and A. Templeton, unpublished data) . Finally, Prevedello and Vieira (2010) showed that dispersal tends to increase as the structural similarity of the matrix with the patch increases. Our study is consistent with this observation. In terms of visual openness and sunlight hitting the ground, the burned woodland is intermediate between glades and the unburned woodland. In terms of food resources, the grasshopper abundance in glades and burned woodland was 8.5 and 11.5 grasshoppers per person-hour, respectively (P ¼ 0.34, with a ln-likelihood ratio test of equal rates), whereas both of these abundances were significantly different from the 2.5 grasshoppers per person-hour found in a nearby unburned woodland plot (P values , 0.001; J. Hallemeier and A. Templeton, unpublished data). Thus, the burned woodland is more similar structurally and biologically to glades than is the unburned woodland. All of these factors would discourage dispersal through an unburned matrix.
Prior to fire management, dispersal between glades was so rare as to preclude any detailed studies, but with fire management, a whole repertoire of dispersal behaviors became amenable for study. The dispersal behavior of collared lizards in response to fire management is highly nonrandom and context dependent. The context dependence includes both intrinsic factors (age and gender) and extrinsic factors (demography, glade size, glade population size, glade density, the landscape feature of ridges) ranging from a low observed probability of dispersal of zero for hatchlings in the colonizing phase across ridges to a high of 0.500 for male hatchling dispersal under stable demographic conditions.
Of the extrinsic factors, the demographic state (the colonizing vs. stable phases) has the largest marginal and interaction effects (Appendix A: Tables A5 and A7) . Although the quantitative impact of demography was modulated by age and gender, the overall trend was for dispersal to increase under stable conditions compared to the colonizing phase (Table 1; Appendix A: Table  A9 ). Dispersal was also nonrandom with respect to glade attributes. Yearlings during the stable phase and adults under both demographic conditions disperse preferentially from glades with small areas and small population size (Appendix A: Table A8 ). Hatchlings tend to disperse from small glades with high densities (Appendix A: Table A8 ). Because hatchlings preferentially leave small glades with high densities, they may be responding more to predation by adults or to limited resources such as food, basking sites, and so on. In contrast, adults and yearlings preferentially leave small glades with small absolute population sizes, indicating that social interactions (such as mate availability) might be more important in their dispersal.
Given dispersal, the distance dispersed is also context dependent ( Fig. 3 ; AppendixA: Table A10 ). Overall, the older the lizard, the smaller the dispersal distance; and the more unoccupied glades (colonizing phase), the smaller the dispersal distance. This pattern could arise if dispersing individuals that encounter a glade are more prone to remain in that glade if resource quantity is high (in general, resource quantity should be higher in unoccupied glades) and/or to avoid aggressive behavior from established residents. Adults show strong gender effects, with females typically dispersing to adjacent glades, whereas males often disperse longer distances.
These dispersal patterns have important genetic and demographic implications. During nonequilibrium colonization, gender and age had little effect on the probability of dispersal (the range across gender/age categories is only 0.088 to 0.128; Table 1 ). Nevertheless, yearlings are expected to have a disproportionate impact on both gene flow and glade colonization because yearlings show the largest dispersal distances by far during the colonizing phase (Fig. 3) . Hence, yearlings are most likely to first colonize an unoccupied glade. The evolutionary impact of gene flow tends to be greater with increasing dispersal distance (Templeton 2006) , so yearlings should have a large impact on gene flow. Adult males also have a high probability of dispersal and a tendency to disperse long distances, making adult males another important contributor to the genetic cohesiveness of the metapopulation.
Because yearling dispersal behavior was less sensitive to demography, yearlings remained an important age class for both gene flow and colonization as the population approaches a metapopulation equilibrium. Once at equilibrium, hatchlings and adult males become important vectors for gene flow and recolonization because they have high probabilities of dispersal (Table  1 ) and long dispersal distances (Fig. 3) . Hatchlings from stable metapopulations were the dominant colonizers of new ridges and mountains. Hatchlings were never observed to disperse across ridges during the colonizing phase, but once glade occupation had reached a steady level, hatchlings had a high probability of dispersing (Table 1) , the longest dispersal distances (Fig. 3) , and the highest probabilities of dispersing to a new ridge system. The colonization of new mountains by collared lizards seems to be mediated primarily, if not exclusively, through hatchlings coming from areas of demographic stability as all four trans-mountain dispersal events were mediated by hatchlings, even though this was the age category with the fewest marked individuals.
By facilitating dispersal, the commencement of woodland fires also initiated the transition from an isolated population structure, to a colonizing metapopulation, and finally to a stable metapopulation. The transition to a metapopulation first requires the ability to colonize glades. The probability of initial colonization of a glade was 0.024 before woodland fire management and 0.24 afterwards. Even this 10-fold increase is likely an underestimate of the impact of woodland burning. The two glades that were colonized prior to woodland fire management were closest (83 and 201 meters, respectively) to the translocation glade SM-9 (Fig. 1) . A MDC crew cut much of the woody understory between SM-9 and these two glades in the fall of 1996 in anticipation of a later burn. The lizards colonized these two glades only after this clearing operation that mimicked some of the effects of fire on the woody understory. If these two pre-fire colonization events associated with clearing are discarded, then there were no pre-fire colonization events out of a total of 79 gladeyear observations. Regardless, it is clear that woodland fires initiated the transition from isolated or nearly PLATE 1. (Top) Adult male eastern collard lizard (Crotaphytus collaris collaris). About 25% of adult males disperse once a stable metapopulation has been established, and they disperse long distances although they always remain on the same mountain. (Bottom) A glade on Thorny Mountain (Ozark Mountains, Missouri, USA), along with the woodland matrix in which glades are embedded. Photo credits: A. R. Templeton. isolated populations into an expanding, colonizing population.
The initial colonization of glades was significantly biased in favor of glades near source glades at the time of burning (Appendix A: Fig. A4 ) and of larger glades (Appendix A: Fig. A5 ). Smaller glades were mostly colonized only as the mountain system was reaching saturation. The significant negative correlation between years to colonization and glade size cannot be explained by geographical proximity because there was a nonsignificant, positive correlation between glade size and source distance. Hence, the lizards were preferentially colonizing larger glades. This pattern could arise from the tendency to preferentially disperse from small glades (Appendix A: Table A8 ) that also tend to have small absolute population sizes (although they may have high densities). This preference to leave small glades is a type of Allee effect that would increase the chances of a small glade population going to local extinction, making the entire metapopulation system more labile in its extinction/recolonization dynamics (Veit and Lewis 1996, Serrano et al. 2005) .
The probability of recolonization, 0.50, is twice that of initial colonization after woodland fire management was initiated, 0.24. There were more unoccupied glades, fewer source glades, greater distances to a source, and lower dispersal probabilities for most age/gender classes (Table 1) during the colonizing phase as compared to the stable phase. All of these factors would lower the probability of initial colonization relative to the probability of recolonization.
Another critical component of metapopulation dynamics is the degree of asynchrony in local dynamics (Hanski 1999) . Initial colonization was strongly clustered in space and time due to the timing and area of fire management. During the time that most extinction and recolonization events occurred, the entire area was under fire management, and there was no significant clustering in time or space of extinction or recolonization events (Appendix A: Table A12 ). Once colonized, a glade population can go to extinction. The persistence time of a glade population was not significantly associated with the distance to the nearest source glade (Appendix A: Table A13 ), indicating that there was little or no spatial autocorrelation for glade population persistence. This lack of spatial autocorrelation is likely due to the fact that the distances between glades on both mountains is well below the dispersal distances that individual hatchlings and yearlings regularly move (Fig.  3) , thereby reducing the importance of nearest neighbors. This spatial and temporal asynchrony of local dynamics makes the simultaneous extinction of all glade populations unlikely and contributes to overall metapopulation persistence (Hanski 1999 , Higgins 2009 ).
Glade population persistence time increases with increasing glade size and average, minimum, and maximum population size (Appendix A: Table A13) , with the best predictors being average and maximum population size. The weaker signal for minimum population size may be due to the fact that most glade populations are small at the time of initial colonization or recolonization. Hence, the maximum population size is a better indicator of extinction risk than the minimum size. In general, glades that are large in area and population size act as refuges from extirpation. Glade size and glade population size also affected dispersal probabilities (Appendix A: Table A8 ), with the general tendency being that lizards are more prone to disperse from glades that are small in area and small in population size: the same glades with higher extinction risk. This bias should increase metapopulation viability (Elkin and Possingham 2008) .
The transition from a colonizing, nonequilibrium metapopulation to a stable metapopulation requires a balance between colonization and extinction leading to a stabilization of the turnover rate. The turnover is much higher during the colonization phase than during the stable phase when recolonization is occurring (Fig. 4) . In the colonizing phase, there are many unoccupied large glades, and given sufficient dispersal, many occupied glades will be newly occupied (Fig. 4) , even though the probability of any one glade being colonized is low. As the number of unoccupied glades declines, the turnover inevitably drops. As time progresses the turnover and extinction rates converge (Fig. 4) to about 0.1 for Stegall Mountain and 0.25 for Thorny Mountain. Letting the turnover rate at time t be s t , then by combining equations 9.1.4 and 9.1.5 from Royle and Dorazio (2008), we have
where c t is the colonization probability at time t, and w t is the probability of a glade being occupied at time t. The probability of recolonization was 0.5 for both Stegall and Thorny Mountains. At equilibrium w t ¼ w tÀ1 ¼ w eq , where w eq is the equilibrium occupancy probability or incidence (Hanski 1999) . Solving Eq. 1 at equilibrium for the incidence, we have
Using the observed recolonization probability and convergent turnover rates, we predicted from Eq. 2 that the equilibrium incidence should be 0. The restored matrix of a burned woodland transformed the collared lizard population from a collection of fragmented isolates into a metapopulation characterized by interconnected local populations subject to local extinction and recolonization. A stricter definition of metapopulation includes four conditions (Hanski 1999, Royle and Dorazio 2008) : (1) local breeding populations, (2) no single population is large enough to ensure long-term persistence, (3) recolonization is possible, and (4) local dynamics are asynchronous. The results presented in this paper clearly show that conditions (1), (3), and (4) are satisfied for the collared lizard population that emerged in response to fire management. The fact that all collared lizard populations in this area had gone to extinction by 1980 in the pre-burn environment in which glade populations would be isolated indicates that condition (2) may also be satisfied. However, the fire-suppressed environment also caused degradation of the glade habitat, so it is possible that some of the current glade populations are sufficiently large to ensure long-term persistence. Certainly the large glades do represent a buffer against total extinction, but are they an absolute buffer? If so, this is a mainland-island metapopulation in which one or more populations never go extinct with turnover limited to the smaller populations, rather than the strict metapopulation defined by Hanski (1999) , and Royle and Dorazio (2008) . During the stable phase, the glade with the largest population had an average of 38.6 adults and yearlings. This size is smaller than that normally regarded as ensuring long-term persistence in the field of conservation biology (Primack 2010) , implying that condition (2) is indeed satisfied and that this is a strict metapopulation and not a mainland-island metapopulation. Regardless, the previous extirpation of collared lizards from this entire area serves as a warning that the continued persistence of this metapopulation will require ongoing prescribed burn management.
